Interest in the role of trehalose during growth phases, stress and solute uptake is increasing, therefore a method is required to analyse the sugar rapidly in cells. Although many methods exist for trehalose analysis, very few fit the particular criteria of measuring low concentrations of trehalose rapidly. The anthrone spectrophotometric method is non-specific and gives misleading results at low trehalose concentrations (Slaughter and Nomura, 1992) . Enzymatic digestion by trehalase requires a large volume of sample and purified trehalase (Kienle et al., 1993) . Large samples are difficult to filter quickly, heat rapidly or treat with chemicals leading to trehalose production as an experimental artefact. HPLC separation and detection by refraction has been used to give accurate and sensitive analysis of trehalose (Piper et al., 1994) . However this system detects many compounds which interfere with the resolution of the trehalose peak.
We have developed a sensitive system for trehalose analysis (> 0.01 mM). A crude extract is prepared rapidly from a small volume of sample. Compounds were separated by ion exchange HPLC, mixed with NaOH and detected using an electrochemical cell. The HPLC system was then used to investigate trehalose levels in S. cerevisiae cultures grown under aerobic and anaerobic conditions.
Methods

Strain and growth conditions
Starter cultures of S. cerevisiae KF1 were grown in YEPD media (200 ml) at 20°C for 5 days shaken at 125 rpm.
Sample flasks containing YEPD media (200 ml) were then inoculated (10 7 cells per ml) and incubated at 20°C for 10 days shaken at 125 rpm. Two fermentations (24 ϫ 500 ml flasks with aeration fins) were set up to monitor trehalose levels in aerobic and anaerobic fermentations. Prior to inoculation all flasks were shaken for 2 h to ensure maximum aeration of the media. After the anaerobic flasks were inoculated a fermentation lock was inserted into the flask. Cell number measured by haemocytometer and viability by the spread plate method.
Extraction of trehalose Samples (2 ml) were membrane filtered (1.2 pore size, 25 mm diameter). The filter paper was transferred to a Pyrex test tube with hot distilled water (2 ml, 95°C), the yeast was re-suspended by vigorous shaking and maintained at 95°C for 1 h. Extracts were then centrifuged at 5000 g for 15 min at and the supernatant was stored at -30°C prior to analysis.
HPLC analysis
The mobile phase (0.5 ml/min) was sodium borate buffer (0.075 M, pH 8.7). Samples (50 l) were separated using a SUGAR-PAK TM I ion exchange column (Waters, 6.5 mm ϫ 300 mm), maintained at 60°C. After separation the eluant was mixed (35°C) in Teflon tubing (5 m, 0.5 mm diameter) using NaOH (0.5 M, 0.5 ml/min). Compounds were then detected using an electrochemical detector (I max = 10 A; E 1 = 50 mV; T 1 = 75 cycles 0.999 S; E 2 = 600 mV; T 2 = 10 cycles 0.166 S; E 3 = -800 mV; T 3 = 10 cycles 0.166 S; Total pulse = 1.333 S) and integrated.
Results and discussion
Standard trehalose curve
To determine the sensitivity of the HPLC system triplicate trehalose standards from 10 M to 1 mM were injected into the system. Error values of the determination never exceeded ± 4.12 %. It was found that all points tested gave the following linear regression. The sensitive response of the detector meant that trehalose could be detected down to 10 M level.
Interference of compounds on trehalose resolution
The column and analysis conditions mean many metabolites are retained. Trehalose is not retained and other peaks did not interfere with the analysis. The detectors sensitive response and the selectivity of the column gave a powerful method for the analysis of trehalose.
The determination of trehalose Filtration of the samples avoids lengthy centrifugation steps and extraction of trehalose by hot water halts the metabolism in seconds. Samples were also extracted with perchloric acid (results not shown) and then neutralised before analysis. However there were no appreciable differences in trehalose concentrations between acid and hot water extraction. During HPLC analysis sample turnover time was 20 min therefore more than 50 samples can be analysed in a day. The detector is very sensitive to trehalose therefore sample volumes can be reduced. This means that the crucial area at the end of fermentative metabolism where trehalose concentration is very low can be monitored. Another advantage of the system is that enzymes or chemicals are not used for the extraction therefore samples can undergo further analysis, for example, proteins, glycogen, etc., can all be measured after the extraction.
The sensitivity and selectivity of the system mean that the enzyme activities of the trehalose synthesis and degradation pathways can be monitored in greater detail. These mechanisms are thought to be important in solute uptake (Thevelein and Hohmann, 1995) and stress response (Hottiger et al., 1994) . The increase in trehalose production between aerobic and anaerobic fermentation may be due to an increase in oxidative stress. Table 1 Retention time and peak area of 10 other sugars and metabolites tested using the HPLC system. All other compounds tested were analysed at 1 mM concentration
